Objective: To examine associations between current recommended physical activity levels and body mass index (BMI) with some cardiovascular disease (CVD) risk factors (total cholesterol, high-density lipoprotein cholesterol (HDL-C), non-HDLcholesterol (non-HDL-C), C-reactive protein (CRP), fibrinogen, and blood pressure), general health score (GHQ12) and predicted coronary heart disease (CHD) risk. Design: Further analysis of the cross-sectional Scottish Health Survey 1998 data. Subjects: Five thousand four hundred and sixty adults 16-74 years of age. Results: After controlling for some confounding factors, obesity was significantly associated with higher odds ratio (OR) for elevated cholesterol, CRP, systolic blood pressure, non-HDL-C and lower HDL-C (Po0.001), and with greater predicted CHD risk compared to BMI o25 kg/m 2 . Regular self-reported physical activity was associated with smaller OR of lower HDL-C and higher CRP, and average predicted 10-year CHD risk in obese subjects, but did not eliminate the higher risk of the measured CVD risk factors in this group. The OR of these two risk factors were still high 4.39 and 2.67, respectively, when compared with those who were inactive with BMI o25 kg/m 2 (Po0.001). Those who reported being physically active had better GHQ scores in all BMI categories (Po0.001). Conclusion: Reporting achievement of recommended physical activity levels may reduce some CVD risk factors, predicted CHD risk and improve psychosocial health, but may not eliminate the extra risk imposed by overweight/obesity. Therefore, increasing physical activity and reducing body weight should be considered to tackle CVD risk factors.
Introduction
Overweight, obesity and inactivity are major risk factors for cardiovascular disease and all cause mortality (WHO, 2003a) . Physical activity has benefits for physical, mental and social health (WHO, 2003b) , which is a major determinant of energy expenditure and an essential factor to maintain energy balance and weight control. Apart from the effect of physical activity on controlling body weight, evidences show it is also associated with reduced risk for cardiovascular disease, diabetes and metabolic syndrome (Katzmarzyk et al., 2004 (Katzmarzyk et al., , 2005 Hu et al., 2004b) .
Physical activity and physical fitness can modify obesityrelated chronic diseases and mortality, and evidence suggests that overweight or obese people who are active and fit have less cardiovascular disease and lower all cause mortality than normal weight unfit people (Blair and Brodney, 1999; Church et al., 2004; Wessel et al., 2004) . Katzmarzyk et al. (2005) have reported that cardiorespiratory fitness, assessed by a maximal treadmill exercise test, modifies the relationships between obesity, metabolic status and mortality in men and can protect against premature mortality regardless of body weight status on the presence of metabolic syndrome.
In contrast, in a prospective study on Russian and US men aged 40-59 years, Stevens et al. (2004) concluded that the effects of fitness might be more robust across populations than are the effects of fatness. In a previous study, Stevens et al. (2002) reported that both fitness and fatness are opposing risk factors for mortality, but being fit does not completely reverse the increased risk associated with excess adiposity.
Similarly, Meyer et al. (2002) found that even among men who reported a high level of physical activity during leisure time, estimated by questionnaire, obesity was associated with an increased total mortality. In women participating in the nurses's health study both body mass index (BMI) and the level of physical activity significantly and independently predicted mortality, but a high physical activity level did not eliminate the excess of deaths associated with obesity (Hu et al., 2004a) . A study of healthy men showed that fatness was more strongly and consistently associated with cardiovascular disease risk than aerobic fitness, assessed by maximal oxygen consumption (Christou et al., 2005) . Weinstein et al. (2004) found that both BMI and physical activity were important for the development of type 2 diabetes in women. However, BMI was a better predictor than recreational physical activity, which was measured by a validated questionnaire, in predicting the incidence of type 2 diabetes.
There is thus still debate as to the magnitude of influence these two factors have in combination on health outcomes, perhaps because of differences among study populations, methods and outcomes and recommendations for physical activity vary.
This study aimed to clarify the associations between currently recommended physical activity levels and BMI with some clinical and biochemical health indicators in a representative sample of Scottish adults with a very high rate of CHD.
Subjects and methods

Sample
The Scottish Health Survey is a cross-sectional nationally representative survey programme that was designed to provide a comprehensive picture of the health of the Scottish population and to document the prevalence of health risk factors as well as monitor progress toward health targets. Full details of the survey methods have been published elsewhere (Shaw et al., 2000) .
Of the total 9047 adults aged 16-74 years (3941 men and 5106 women), who participated in the 1998 survey, total numbers of valid samples that have been used in this analysis were total plasma cholesterol 5924, high-density lipoprotein cholesterol (HDL-C) 5891, c-reactive protein (CRP) 5988, fibrinogen 5460, systolic blood pressure 6221 and general health questionnaire (GHQ12) 8045.
Anthropometric measures
Weight and height were measured using standard techniques by trained staff (Shaw et al., 2000) . Height was measured in a standing position with a portable stadiometer. Body weight was measured to the nearest 0.1 kg in bare feet and light clothes with the Soehlne scales. BMI was calculated as weight divided by height squared (kg/m 2 ). Overweight and obesity were defined as a BMI of 25-29.9 and X30 kg/m 2 , respectively (WHO, 1998) .
Cigarette smoking status was classified as follows: regular cigarette smokers, those who said they smoked cigarette at all at the time of the interview; ex-smokers, those who smoked cigarettes regularly in the past but not currently; and nonsmokers, those who had never smoked cigarettes regularly and were not current smokers. Reported levels of physical activity were measured by a questionnaire that asked about the frequency, duration and intensity of four major types of activity: activity at home, walks of 15 min or more, sports and exercise activities, and activity at work in the 4 weeks before the interview (Shaw et al., 2000) . These activities were then summed up to calculate estimated total physical activity, which was divided into five categories based on different levels of physical activity recommendations (American College of Sports Medicine, 1990; Blair and Connelly, 1995) . Categories were inactive, low activity, at least 30 min moderate activity on at least 5 days a week, at least 20 min vigorous activity on at least 3 days a week, and 30 min moderate activity on 5 days a week plus 20 min vigorous activity on 3 days a week. These five categories were collapsed into three main categories: active, those who reached at least one of the two guideline levels (either three occasions of 20 min vigorous activity per week or five occasions of moderate activity per week or both); less active, those were not active enough to meet either guideline level but were active on at least 1 day a week; and inactive, those respondents who reported less than 1 day per week of moderate or vigorous activity of at least 20 min duration.
Habitual alcohol consumption over the previous 12 months was assessed with questions on frequency, type, average number of days per week on which alcohol was drunk, the usual quantity consumed on any 1 day and finally the 'usual' weekly units of alcohol consumed calculated. This was then divided into four groups of weekly alcohol intake for both men and women. For men, these quantities were under 1, 1-10, 10-21 and above 21 units. For women these were under 1 unit, 1-7, 7-14 and above 14 units.
Information on dietary habits was obtained by a short dietary questionnaire, which included questions relating to type and frequency of major food items (Lean et al., 2003) . In this study, total fruit and vegetable consumption was accessed using a categorical variable divided in three groups: low consumers (o200 g /day), moderate consumers (200-o400 g /day) and achievers of current targets (X400 g/ day) (The Scottish Office, 1996) .
Social class was based on the Register General's Standard Occupation Classification using the current or last occupation of the chief income earner within informant's household, in one of four categories: professional and intermediate, skilled (nonmanual), skilled (manual), partly skilled and unskilled (Shaw et al., 2000) .
Blood pressure was measured by using an automated device, the Dinamap 8100 monitor. Three blood pressure readings were taken on the right arm in a seated position after 5 min rest. The mean of the second and third readings were used as the blood pressure (Shaw et al., 2000) .
The GHQ12 has been used to assess the psychosocial health of participants (Goldberg and Williams, 1988; Shaw et al., 2000) . Participants were asked to complete a selfcompletion booklet, which comprised 12 questions about general levels of happiness, anxiety, depression, stress and sleep disturbance over the past few weeks before the interview. An overall GHQ12 score X4 has been used to identify subjects with a poor psychological health.
Metabolic syndrome and predicted coronary heart disease risk Metabolic syndrome was defined using available data in Scottish health Survey database any three of waist circumference 4102 cm in men and 488 cm in women, blood pressure X130/85 mm Hg, HDL-C p1 mmol/l in men and o1.3 mmol/l in women, non-HDL-C 44 mmol/l and a medical diagnosis of diabetes (NCEP, 2001) . Ten-year total coronary heart disease risk was calculated in 1877 men and 2323 women aged 30-74 years by using the 1998 Framingham sex-specific risk equations based on total cholesterol (Wilson et al., 1998) . Our choice of equation was guided by the data already provided by the SHS. Subjects with three major existing cardiovascular conditions (angina, heart attack or stroke) were excluded before calculating the risk.
Blood samples analyses
Nonfasting venous blood samples were obtained and analysis for CRP, total cholesterol, HDL-C and fibrinogen carried out using standardized methods (Shaw et al., 2000) . Non-HDL-C, which contains cholesterol in low-density lipoprotein and very low-density lipoprotein, was calculated by subtracting HDL-C from total cholesterol (Grundy, 2002) .
Data analyses
Analysis was carried out using the statistical package, SPSS 11.0 (SPSS Inc., Chicago, IL, USA). As data were not normally distributed, log-transformed values of dependent variables were used for improving the normality of distributions.
To evaluate the combined impact of physical activity and BMI, physical activity status and BMI were combined into nine categories and inactive subjects with BMI below 25 kg/m 2 were defined as the reference category. A general linear model incorporating Bonferroni post hoc test was used to compare the adjusted geometric means of the risk factors within a combined BMI and physical activity variable in a stratified analysis by sex. In this analysis age was used as a covariate, and social class, cigarette smoking, combined activity and BMI, alcohol consumption and fruit and vegetable consumption as fixed factors. The logistic regression model was used to compute the odds ratio (OR) for the probability of having high value for CRP (X3 mg/l), fibrinogen (X3 g/l), total cholesterol (X6.2 mmol/l), low HDL-C (p1 mmol/l), systolic blood pressure (X130 mm Hg) and GHQ12 (X4) and metabolic syndrome among the subgroups of the combined physical activity and BMI with the reference category (inactive subjects with a BMI below 25 kg/m 2 ). A value of Po0.05 was used for statistical significance.
Results
General characteristics of the study population are presented in Table 1 . Approximately 34% male and 33% female subjects were current smokers, 63% of men and 54% of women were either overweight or obese and around 20% of total sample were obese. The proportion of the total subjects who achieved the recommended physical activity levels (either 3*20 vigorous or 5*30 moderate or both of them) were 33%, 38% men and 29% women. Around 31% of men consumed more than 21 units of alcohol per week and among women almost 14% more than 14 units per week. Only 16.6% of men and 28.7% of women reached the current targets for total daily fruit and vegetables consumption. Almost 22% of the population was classified as partly skilled and unskilled by the social class of chief income earners.
Figures 1-3 show the adjusted geometric mean values of the risk factors among different categories of combined physical activity and BMI in men and women. Initial analysis used three separate categories for people who achieved the recommended activity levels (either 3*20 vigorous or 5*30 moderate or both). These have not been presented in detail due to small numbers, for example seven men and 13 women with BMI X30 kg/m 2 had reported 3*20 vigorous activity level. The patterns of cardiovascular risk for these three categories were similar, so they were collapsed into a single 'active' category. Overweight and obese subjects had significantly lower mean HDL-C concentrations regardless of physical activity levels when compared with inactive subjects with BMI o25 kg/m 2 in both sexes (Po0.001; Figure 1 ). Mean cholesterol and non-HDL-C were significantly higher in overweight and obese subjects (Po0.01) and activity levels did not change the results significantly. Mean CRP concentration was highest in obese inactive subjects. Although mean CRP concentrations were lower in active subjects in all BMI categories compared with inactive people, particularly in active subjects with BMI o30 kg/m 2 , the Current recommendation for physical activity and cardiovascular risks M Akbartabartoori et al mean CRP was still significantly higher in obese active subjects in both sexes compared with reference categories (Po0.05; Figure 2 ). Mean systolic blood pressure rose with increasing BMI in different activity levels; however, it was significantly higher in female obese subjects in all activity levels compared with inactive BMI o25 kg/m 2 (Po0.001).
Female obese subjects had significantly higher mean fibrinogen levels across the physical activity levels than the reference group (Po0.001). Active male and less active female with BMI o25 kg/m 2 had significantly lower mean fibrinogen compared with inactive subjects with BMI o25 kg/m 2 (Po0.05; Figure 3 ). Table 2 shows adjusted OR of having the cardiovascular disease risk factors and GHQ scores above the cut-off points by physical activity status and BMI. After controlling for age, gender, social class, smoking, alcohol intake, and fruit and vegetable consumption, inactivity, overweight and obesity were associated significantly with higher OR for elevated cholesterol, CRP, systolic blood pressure, non-HDL-C and lower HDL-C than inactive with BMI o25 kg/m 2 (Po0.05).
Physical activity improved GHQ scores in all BMI categories (Po0.001). Physical activity reduced the likelihood of lower Current recommendation for physical activity and cardiovascular risks M Akbartabartoori et al HDL-C and higher CRP in obese subjects, but it did not eliminate the higher risk of the measured cardiovascular disease risk factors in this group and OR for these two risk factors were still high, 4.39 and 2.67, respectively, compared with the reference group (Po0.001). Increasing physical activity did not change OR of having higher systolic blood pressure values, but overweight and obesity significantly increased the OR across different physical activity levels. Overweight and obese subjects had significantly higher OR for higher non-HDL-C in different activity levels (Po0.001). The OR of having higher fibrinogen decreased in active subjects with BMI o30 kg/m 2 (Po0.001); however, it did not change in obese participants. Table 3 shows OR for subjects who felt within criteria for metabolic syndrome (NCEP, 2001) . Fasting glucose and triglyceride values were not available; therefore, medically diagnosed diabetes and non-HDL-C values were used to estimate metabolic syndrome. With this definition, almost 20% of men and women were categorized with metabolic syndrome and the OR of having metabolic syndrome was significantly higher in overweight and obese subjects within each category. Being physically active had a protective effect with metabolic syndrome lower in the obese active compared with obese inactive subjects particularly in men; however, prevalence of metabolic syndrome was still high among obese active subjects. About 30% of men and 9% of women had predicted 10-year coronary heart disease risk X15% in which obese inactive subjects had the highest proportion of the risk (57.6% in men and 26.5% in women). The median coronary heart disease risk was highest among obese inactive (16.6% in men and 10.3% in women) and lowest among active subjects with BMI o25 kg/m 2 (5.4% in men and 1.8% in women). Geometric mean of coronary heart disease risk was significantly lower in obese active and active subjects with BMI o25 kg/m 2 compared with their counterparts (Po0.001). The mean coronary heart disease risk was not significantly different between obese active and inactive subjects with BMIo25 kg/m 2 . However, it should be noted that inactive groups were older than active groups and because age was part of the risk equations, it was not controlled for in this analysis. The distribution of predicted coronary heart disease risk among BMI/activity categories across ages 30-74 years has been shown in Figures 4 and 5. As Figure 4 shows, in men, average coronary heart disease risk was highest in obese inactive and lowest in active subjects with BMI o25 kg/m 2 . Obese active men had lower average coronary heart disease risk than obese inactive, but higher than inactive group with BMI o25 kg/m 2 . In women (Figure 5 ), obese groups had higher average coronary heart disease risk than group with BMI o25 kg/m 2 ; however, physical activity reduced the risk slightly only in older obese subjects.
Discussion
Many studies of different types have demonstrated that physical activity has protective effects for chronic diseases, including coronary heart diseases, hypertension, diabetes, osteoporosis, colon cancer, and anxiety and depression (Pate et al., 1995) . Apart from the effects of physical activity on obesity and obesity-related diseases, it is reported that physical activity or physical fitness has additional health benefits independent of BMI. Physical activity is defined as 'any bodily movement produced by skeletal muscles that results in energy expenditure' and physical fitness is a 'set of attributes that people have or achieve that relates to the ability to perform physical activity' (Caspersen et al., 1985; Pate et al., 1995) . The amount of physical activity necessary for preventing cardiovascular disease risk is not clear; however, different amounts and types of physical activity have been recommended (American College of Sports Medicine, 1990; Blair and Connelly, 1995) .
Cardiorespiratory fitness, assessed with maximal treadmill exercise to calculate the maximal oxygen uptake, is stronger and more accurate than self-reported physical activity as a predictor of health outcome (Blair et al., 2001) . However the most accurate methods of measuring fitness, such as V max O 2 , are often unavailable and are not feasible for large population studies. Although more accurate methods are needed to measure total physical activity, a physical activity questionnaire is the most practical and widely used instrument for measuring physical activity in population studies. An evaluation on recommendations for physical activity levels for public health on cardiovascular disease risk factors would be beneficial to clarify the health effects of physical activity along with BMI. In the present study, we have assumed that reported physical activity reflects fitness, and evaluated the associations between recommended levels of physical activity, in combination with overweight and obesity, and cardiovascular risk factors.
Being active in this study was defined as at least 30 min moderate activity on at least 5 days a week or at least 20 min Current recommendation for physical activity and cardiovascular risks M Akbartabartoori et al vigorous activity on at least 3 days a week or both. Overweight and obesity were strongly linked with raised risk factors and predicted coronary heart disease risk. Subjects who were overweight or obese had greater mean and OR for most of the cardiovascular risk factors, metabolic syndrome and predicted coronary heart disease risk than subjects with BMI o25 kg/m 2 . Recommended physical activity levels reduced the risk-associated overweight and obesity for CRP, HDL-C, predicted coronary heart disease risk and metabolic yndrome particularly in men when compared with the reference group of inactive subjective with BMI o25 kg/m 2 . However, this level of activity could not eliminate the health risks associated with obesity and those who achieved this level still were at elevated risk compared with the nonobese reference group. The results showed that physical activity was associated with better self-assessed health scores in all BMI categories.
Our finding that BMI was a more important factor than physical activity in association with cardiovascular disease risk factors and predicted coronary heart disease risk is in agreement with some other studies (Meyer et al., 2002; Weinstein et al., 2004; Hu et al., 2004a; Christou et al., 2005) . Meyer et al., (2002) found that in all categories (sedentary, moderate, intermediate and intensive) of self-reported physical activity during leisure time, obese men had a similar increased relative risk of death compared with normal weight individuals in the same category of physical activity. Weinstein et al. (2004) examined the combined relationship of BMI and physical activity (self-reported recreational activity during the past years) in women and found that increasing physical activity had a modest reduction in the risk of diabetes compared to a large increase in the risk with increasing BMI. In a cross-sectional study of 135 healthy men, fatness was a better and stronger predictor of 18 established cardiovascular disease risk factors including total cholesterol, HDL-C, systolic blood pressure and fibrinogen than aerobic fitness assessed by V max O 2 (Christou et al., 2005) . Stevens et al. (2002) studied a cohort of the Lipid Research Clinics Study of American men and women and reported that both high levels of fatness and low levels of fitness (assessed using a treadmill test) increased mortality from all cause and from cardiovascular disease. This suggested that to reduce the mortality risk, a combination of both a moderate level of fitness and low fatness were required.
In contrast, a number of other published studies support the theory that physical fitness is more important than fatness. Katzmarzyk et al. (2004) in a follow-up study revealed that cardiorespiratory fitness had a protective effect against all-cause and cardiovascular mortality in healthy men and men with the metabolic syndrome. In this study, body weight status was not an important modifier of mortality risk when cardiorespiratory fitness was taken into account. In Russian men, fitness assessed by a treadmill test but not fatness was associated with all-cause and cardiovascular disease mortality, but in US men, both fatness and fitness were associated with all-cause and cardiovascular disease mortality (Stevens et al., 2004) . Katja et al. (2006) in a cross-sectional study of Finnish adults after adjusting for confounding factors including waist-to-hip ratio as a measure of obesity showed that self-assessed fitness and aerobic fitness measured by questionnaire were inversely associated with CRP. Another study in adults that examined cardiorespiratory fitness and its association with metabolic syndrome in a prospective design showed that cardiorespiratory fitness was inversely associated with the incidence of metabolic syndrome (LaMonte et al., 2005) . Their data also showed that second and third cardiorespiratory fitness tertiles were significantly associated with lower risk of developing metabolic syndrome even in those men who are overweight or obese (BMI X25 kg/m 2 ). This association was not significant in women, possibly because of the small numbers. Katzmarzyk et al. (2005) reported that obesity and metabolic syndrome were associated with an increased risk of all-cause and cardiovascular disease mortality, but these risks were largely related to low cardiorespiratory fitness.
Around 450 million people worldwide suffer from mental or behavioral disorders (WHO, 2001 ) such as depression and anxiety and mental health is essential to the overall wellbeing of individuals and societies. Physical activity has been shown to have a positive association with mental health and psychological well-being (Stephens, 1988) . The results of a study using a large data set from the US population showed that obesity was negatively associated with health-related quality of life including mental health. Individuals who used exercise alone or with diet to lose weight reported better health-related quality of life scores (Hassan et al., 2003) . Schmitz et al. (2004) in the German National Health Interview and Examination Survey found that self-reported physical activity was associated with a better quality of life and higher levels of physical activity were associated with higher health-related quality of life among persons with mental disorders. Dunn et al. (2005) in a randomized placebo control study found that aerobic exercise at a dose compatible with public health recommendations (17.5 kcal/kg/ week) was effective in the treatment of mild to moderate major depressive disorder compared with a lower dose of exercise (7.0 kcal/kg/week) or control. Our results support these findings and indicated that active subjects may have suffered less current psychological problems than inactive subjects in all BMI categories. The mechanisms that explain the beneficial effects of physical activity on mental health are unclear. However, various psychological hypotheses such as improvements in distraction, self-efficacy and social interaction, and physiological hypotheses like increased monoamines and endorphins have been proposed (Peluso and Andrade, 2005) .
The main limitations of the present study are self-reported rather than measured physical activity and lack of fasting blood samples necessary to conclusively define metabolic syndrome. Both shortcomings represent practical limitations with large-scale representative survey.
Our results show that reporting achieving recommended physical activity levels can be beneficial, reduce some cardiovascular disease risk factors and improve psychosocial health but that cannot eliminate the extra health risk imposed by overweight/obesity. Our data cannot be used to suggest that a higher recommendation for physical activity in obese people might be necessary to reverse their increased cardiovascular disease risk, but a more active population would appear to be healthier one from these data.
Conclusion
Overweight and obesity were associated with significantly greater mean and/or OR for elevated total cholesterol, CRP, systolic blood pressure, lower HDL-C, higher prevalence of metabolic syndrome and predicted 10-year coronary heart disease risk than BMI o25 kg/m 2 . Current recommended physical activity levels for cardiovascular health were associated with modestly reduced risk of lower HDL-C, higher CRP concentrations and predicted coronary heart disease risk. The higher cardiovascular disease risk factors in active obese subjects were not eliminated when compared to inactive subjects with BMI o25 kg/m 2 . Physical activity was associated with better general health scores across all BMI categories, therefore obese active subjects reported feeling better according to their GHQ score. These data confirm the importance of both physical activity and reducing body weight in obese subjects to challenge cardiovascular disease risk.
